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Skin Permeation and Cutaneous 
Hypersensitivity As a Basis for Making - 

Risk Assessments of Chromium As a 
Soil Contaminant ,= 

by Robert E. Bagdon* and Robert E. Hazed 

A literature review of experimental and human exposure studies of skin permeation and 
cutaneous hypersensitivity reactions evoked by chromium was carried out lo provlde a basis for 
making a risk assessment of chromium as a soil contaminant. fn vitro and in vivo studies dem- 
onstrated that 1 to 4% of the applied dose of hexavalent and trivalent chromium to guinea pig 
skin penetrated skin within 8 to 24 hr after application, Ultrastructural investigations showed 
that htxavnlent chromium localized intracellularly and extracellularly in the upper layers of 
guinea pig epidermis. Only minute quantities of hexavalent chromium are required to elicit a 
positive hypersensitivity reaction in susceptible individuals; using a patch dose of POpg, only 2 
pg were required l o  evoke a positive skin reaclion in hypersensitive subjects. The potential of 
hexavalent chromium to produce a skin sensitization reaction is readily demonstrated using 
animal models. The incidence and characteristics otchromlum-induced s k h  hypersensitivity as 
a clinical entity are described. A health effects survey of populations exposed to chromium slag 
in soil in Tokyo, Japan extending over 8 years indicated a tendency toward symptoms character- 
ized as headache, chronic fatigue, and gastrointestinal complaints, positive occult blood tests, 
minute hematuria and albuminuria cuggeotive of incipient renal disease, and a tendency toward 
an increase in contact dermatitis that was seasonally related. Multicenter patch test titration 
studies In human subjects using an incidence of positive patch tests OF 10% or less showed that 
the threshold for &in hypersensitivity reactione to hexavalent chromium was determined to be 
of the order O.OOl%, equivalent to 10 ppm or 10 mglkg or 10 m g L  Antilysis of soil samples was 
conducted to predict the hexavalent chromium level from the totalchromium level. Based on these 
data, the cleanup level of total chromium in soil is designated as 75 m&g. It is proposed that levels 
of total chromium lower than 75 mgkg In soil would avold undue rbk of contact dermatitis. 

Introduction 
The potent fikiii dlei*genicity of chi*omium has been 

well documented in the literature, and chromium coin- 
pounds have been reported to be the most frequent 
sensitizing agent in man (14). Most of the occurrences 
of contact dermatitis cited are the result of occupational 
exposures. Consequently, the greatest frequency of 
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chromium-induced cubneous hypersensitivity has been 
reported to occur in men of working nge, i.e., ages 21 to 
70 (1). Workers in the building trades are especially 
prone to chromium-induced skin hypersensitivity reac- 
ticns due to the presence of chromium compounds in 
cement and other building materials. The early history 
of chromium-related dermatitis, occupational activities, 
and industrial compounds associated with chromium- 
induced dermatitis and clinical characteristics of 
chromium-related allergic contact dermatitis have been 
reviewed (5). Geographically, the prevalence of suscep- 
tibility to chromium-induced contact dermatitis is wide- 
spread. For exnmple, the North American Contact 
Dermatitis Group was formed in 1970 to provide a 
rational basis for se!ected antigens for patch test 
screening of subjects exhibiting contact dermatitis 
lesions, As part of this program, 0,6% pottwsium 
rliclwomate in pettdatum wws npplicci m l c r  (I :O-nim 



diameter occlusive patch fctr 48 hr to 1200 subjects 
located in 10 centers in  North America (6). Positive test 
reactions at the various sites ranged from 2 to 204, 
with an overall reactivity rate of XQ; in New k'ork, the 
positive patch test u te  \viis 94 (Tttble 1). 

The presence of chromite ore processing \v;iste used 
as lantlfill at sites in residential, coniniercid, antl intlus- 
trial areas in Hudson County, New Jersey, represents 
an iincommon ci~~cumstance with the 1)otcnti:il for the 
occurrence of significant atlveise health dfects. In con- 
trast to occupational eslrosuiw involving :I select giuoup 
of subjects for a tlefinetl inteiwl tluring the work week 
ancl with the probability that intlustrial hgj+ne ancl 
occupational safety measures have been instituted, the 
exposure of the general population comprising ai11 age 
groups, inclutling children antl the elclerly, with :in 
undefined incitlence of undcrlying tliseases, w y i n g  
nutritional status, anti long-term, continuous contcict 
without p o t  ec t ire nie:is tires piwen t s ;I part icululy 
difficult obstacle to arriving itt an appropriate risk LIS- 
sessment of chromium iindei* these conditions. The U.S. 
Envii-onincntal Protection Agency considers Iiesaraleiit 
chromium to be H known htlmitn carcinogen by inhalittion 
exposuie and also states that contxt dermatitis is likcly 
to be associated with low-level hesa\alent chromium 
exposure (1). Ho\vever, in  eontl'ast to the intl\iction of 
cancer, contact dermatitis inay require oiily a relatively 
short-term, superficial exposure. 

This report pvesents the restilts of a review of the 
literature of skin perine;ition antl cutaneous hypersensi- 
tivity reactions evoked by chi~omium derived from both 
laboratory ezrperimenhl investigations antl also from 
sttitlies of hiimiin exposure. The primary objective of 
this survey W'RS to collate antl eva1u;tte these (latit to 
provide a basis for inaking H risk tissessinent of cliro- 
mium as H soil contaminant. A seconr1:oy objertiie of 
this review and evaluation u'as to tlelineate possible 
areas for atltlitioiial research. 

Table 1. Positive skir. patch test rate t00.5<+ potassium 
dichromate in pctrolalun at 10 centen in North America, 1972, 
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Results 
Skin Permeation 
To p i n  :in understanding of the niechanisnis involved 

i n  tiwistleand peneti*at ion, skin as a tliffiisiond barrier 
ciin be rtyreeentetl tis H iiiultihiyer model (Fig. 1). The 
str*;ituni coriiciiiii is the prinrip;il biirrier to permeation. 
'I'he rti*iitwn coi-neiim is nonviable end physiologicdly 
in:ictive; tliffiisioii tliiwgh this hyer is :I p:issive p~*ocess. 
The viablc qitlerinis CRH carry oiit bioconversion. Al- 
though epitler*miil niettrbolic iictivity is only ii fixction 
of that found in the liver, the large surface wea of skin 
itntl its pi-osiinity to the environment classifies it as a 
nietnbolizing organ of significance. 

The epitlerinal-met~r~olizinR activity has relevance to 
cht*omiuni based on a proposed working hypothesis for 
skin penetration i\lI(l pathogenesis of contiwt sensitiv- 
ity (I), It has been ~>ostulatetl that hesawlent chrorniu~n 
peneti*;itex cells itid inti*acellul;ir organelles relatively 
easily ;ind is converted to trivalent chroniinm intracel- 
I ~ I I H I ~ I ~ .  The trivalent chromium geiiertitetl within epi- 
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dermal cells reacts with antigenic proteins to evoke the 
release of the cascade of inflanmatoiy mediators, which 
results in expression of contact hypersensitivity. 

In contrast, trivalent chromium has been postulated 
to penetrate cells relatively ~ m r l y  and to bind to non- 
specific proteins. This may explain the lesser skin hy- 
persensitivity potency of trivalent chromium compared 
to hexavalent chromium. The epidermis may also bind 
chromium to foim a depot. The dermis povides a vehicle 
for chromium uptake into the systemic circulation via 
the capillaiy network in the dermal papillary layer. The 
dermis may also serve as a reservoir for chromium by 
binding it to the collagen matrix. 

The methodology employed in the iw zv3.o and hi  vivo 
skin pimeation studies has been comprehensively re- 
viewed (8-11). One standaid k vivo procedure invoIved 
applying a weighed amount of the agent in a container 
or patch to the skin, followed by determination of the 
remaining agent at the application site after different 
time intervals. This procedure is variously referred to 
as analysis by difference, remainder analysis, or residual 
patch assay. The technique was extended to determina- 
tion of skin penetration of gamma-ray-emitting "Cr to 
guinea pigs in vivo by means of a scintillation counter 
and collimator (13). Results are expressed in terms of a 
calculated disappearance constant and also as the dis- 
appearance percentage of the applied dose from the ap- 
plication site over a 6-hr interval. This procedure may 
underestimate skin penetration because chromium 
present in the skin in a depot would be detectable by 
the scintillation counter and would be calculated as part 
of residual agent at  the skin surface. 

The remainder analysis technique was used to deter- 
mine skin penetration of hexayalent and trivalent chro- 
mium in guinea pigs it6 vivo (18). Skin penetration was 
concentration dependent for both compounds. Maximal 
skin penetration for hexavalent chromium amounted to 
4 8  of the applied dosel5 hr at  0.261 M (Fig. 2). For 
trivalent chromium, this was observed at  0.017 M 
(equivalent to 0.576, the standard patch test concentra- 
tion) and amounted to 2.2%/5 h r  (Fig. 3). A t  0.261 M, 
the skin permeation rate of hexavalent chromium was 
690 pMlcmVhr, 2-fold higher than trivalent chromium, 
which was 330 pM/cmz/h/hr (Fig 4) Additional studies with 
hexavalent chromium as sodium chromate in guinea pigs 
iit vivo indicated that skin penetration was higher with 
increasing alkaline pH (65-12.8) compared to chromium 
solutions of pH 5,6 and lower (58-1.4) (14). 

Another b vivo experiment was conducted wherein 
"Cr hexavalent chromium as sadium chromate was ap- 
plied to the skin of guinea pigs, and skin permeation 
was determined by assay of the Wr content present in 
excreta and organs after 24 hr (15). In guinea pigs, skin 
penetration of chromium amounted to 1.30% of the ap- 
plied dose after 24 hr, and this was increased about 
9-fold to 12.60% of the applied dose124 hr by pretreat- 
ing the skin with alkali (Table 2). 

Ultrastruc.l~r4 investlgatiord have also been carried 
out to determine the distribution of chromium in the 
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FI(;I~HIS 3. Skin perine;tion of chromic chloride in guinea pigs iit view 
diwppcwance of dermal tlcse "'Cr (f.1). 
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epidermis of Donsensitized and sensitized guinea pigs 
(16). In both groups, chllomiuin rapidly penetrated the 
skin and was found localized intracellularly and in thc 
extrt\cellular apace in the upper epidermal layere, in- 
cluding the horny, gmular, and uppcr spinous layers. 
However, t.hc basal and suprabnsal cell- showcd only 
extiiacellular and plasma membrane localimtion with- 



Table 2. Skin absorption of chromium in guinea pigs using 
percent of dose in organs and excreta ns end points (18). 

out intracellular penetration of chromium. The 1,anger- 
hans cells showed activation characterized by increased 
number of organelles, entlocytic formation, antl Herbeck 
gxanules, but intracellular localiwtion of ckromiuni \\'as 
not tliscernible. This characteristic intraepitle~~mal tlis- 
tribution my be related to the intritcellular conversion 
of hexavalent chromium to the immunogenic tviu:ilent 
form. In addition, these results also suggest that intra- 
cellular localization of chromium into activiitetl I,anger- 
hans cells is not required for effective preesentiition of 
the hapten to T-cells. 

Skin penetration of chromium can also be enhaticetl 
by atlministration via iontophoresis. I n  guinea pigs, 
iontophoresis increased skin permeation of chromiuni 
over ?-fold during the first hour and over :+-fold (luring 
1 to 5 hr of administration coinpareti to epicutaneous 
administration ( I  7). 

Quantitation of the Hypersensitivity 
Reaction 

Only minute quantities of chromium are required to 
penetrate skin to elicit a positive hypersensitivity reac- 
tion in susceptible individuals. Using a patch dose of 
20 pg of sodium clii~oomate, only 2 pg \\'as requitwl to 
evoke a positive skin reaction in Iiypmensitive sub- 
jects (18). There was little difference in mount of skin 
permeation of chromium in normal intlivitluals at patch 
removal after 48 hr of application. After 1 month, the 
mount of chromium in skin of noi*m~I intlivitluals \ w s  
markedly depleted antl \\'as even less in hypersensi- 
tive inclivitluals (Table 8). This latter fincling may be 
explained by the shetltling of stratum corneum antl 
superficial epiderinal cells as a result of the inflammatory 
skin reaction at the patch test site. Thus, based on both 
experimental and human exposure studies, the \ w y  
small amounts of chromium t-equired to invoke a hyper- 
sensitivity reaction can be realily attained in skin. 

Immunologic Mechanisms of 
Chromium Contact Dermatitis 

Chromium contact dermatitis is H delayed hypersen. 
sitivity reaction classified as n type IV cel;-metliaterl 
immune wsymse, The deve!opment of chromium con- 
tact dermatitis has been described as occurring in four 
phase8 (1). In phase I, the refractory phase, skin 

Table 3. Quantitative aspects of hexavalent chromium 
sensitization. 

(bncu~ntriition iit skin i i ~~ l~ l i~ i~ t io~~  ritr, pg 
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inflainination tloes not occur, but the chi-oinium hiipten 
penetrates the skin and conjugates with specific e lk  
rleirnal ~)iwteins. In pliasc 1 I, the intluction phase, the 
hapten conjugate interacts with T-lymphocytes. In 
lymph nodes, T-lymphocytes are transformed itrto 
imniunoblasts antl divide into nieinor.~ ant1 effector cells. 
In phase I I I, the elicitt.tion phase, a seconcla~y chromium 
challenge iictiv;\tes the effector cells, releasing the cas- 
cade of mediators that cause inflaniination of the skin. 
I n  phiwe IV, the peiuistence phase, effectole lymphocytes 
continue to recognize the chromium-hapten conjugate, 
antl the inflammatory reeaetion in  skiii continues. 

Animal Models of Chromium-Induced 
Delayed-Type Hypersensitivity 

Clirssically, guinea pig sensitization tests have been 
used to assess the Imtential of agents to evoke skin 
sensitization reactions in human subjects. AI1 of these 
guinea pig tests involve intluction procedures using the 
test agent follo\ved by a rest interval antl then a aubse- 
quent chitlletlge with the test agent. The various types 
of guinea pig sensitization tests including the Draize, 
open epicutaneous, Ruehler, Freund's complete adjii- 
w i t ,  optirnitation, split adjuvant, antl iniisiniization 
tests have been reviewd ( I ! ) ) .  Hesavalent chvoiniwn 
has been shown to be a potent skin sensitizer in guinea 
pig teats (N&). The ixopensity for chi*oinium to elicit 
skin sensitization in biiiiea pigs is H prob;ible espbiia- 
tion for selection of this species for skin permeation 
studies to obtain correlative data. 

More ircently, an zlternative sensitization test, the 
moiise ear swelling test (MEST) has been developed 
(11). In atldition, a iiiethorl for the calculation and clas- 
sification of relative potencies of dermal sensitizers in 
animal and human test systems has been proposed (A{)  
and is shown in THble 4, Using thia approach, the senaf- 
tiztition potential of potassium chromate WHS conipiwetl 
with p-phenylene diamine in the MEST, guiiiea pig 
miisimization, and guinea pig closed patch testa iind also 
with the results of patch tests in h i u i m  subjects (dj). 
Thcsc rcwlts tire sliowii in Tiiblc 6, B m t l  on t!iis coni- 
parison, it ww et8ted: "Potency estimates on potmitiin 



Tablo 4. Potcncy lndiccs and corresponding 
hypersensitivity potential rankings. 

Table 5. Comperotiva sensitization potcntial of potassium 
dichromsb and pphenylcne diamine in animal and human 

test systems. 

tlic.hrom;rte ;IS ti sensitizer inclicate it to be similar to 1’- 
phcnylenc tiiaminc and hex;imethyltliisoc~nate as a 
svnsitizd’ (LA). 

Chromium4nduced Skin 
Hypersensitivity As a Clinical Entity 

Allergic conbict tlermalitis from chromium as a dis- 
tinct clinical entity that arises from numerous types of 
occuprlionril exposure has been extensively reviewed 
(J,J,.5&,26). It is important to recognim that there is 
no re1:ilionship between the classic chromium ulcer le- 
sion 11i:il owrs  i n  skin ml mucous membranes and 
rtllet~gic sensilhition of skin. 

13cginning in I!rtS, occupitionally related allergic 
hyl)cr;.lrnsitivil.y tissociatetl with positive patch tests was 
i.cptrtcrcl in the litemtiire. In  1950, the iwport on chro- 
niiiim :IS the aiusrilive rigent in cenient dermatitis fur- 
ther fociiscd itltcntion on chromium-intluced cutaneous 
hypc~rsclnsilivity iwclions (d?), The ewly history of 
rlii~omium-i~clate~l tlciwrititis hris becn reviewed by 
Atlitins (5). 

C!hi.orniotn-intlitcctl ~llergic cont:ict dermatitis is 
ch;tr;irterizctl ;is gcneixlly eczematous in appearance, 
with the timc rcquired for clinical manifestation follow- 
ing expoosurc to bc v:iiiitblc, soinctirnes occurring years 
iiftci. initial contact. The Icsiorw are chronic or some- 
times diminish ~ollowctl by ~*ccui~~ent rehpse. Most of 
the lesions OCCUF in the fingers antl lingel, webs, front of 
wrists, i d  lhe backs of hiintls, but some reports state 
lhal Icsions O C ~ U Y  :it olhw sites, The p:itlem of lesions 
in highly vni*i+!c tint1 htis bccn variounly tlrscribctl titi 
~-eseinbliiig I N I ~ J I ~ U ~ W ,  seborrkefc, stctds, 01’ tltopic 

clermatitia. Other reports cite the resemblance of chro- 
mium tlermatitis to ragweed dermatitis. 

There are several reports indicating that exposure to 
sunlight 01’ short wavelength ultraviolet light exacer- 
bates the severity of chromium dermatitis, and other 
slutlies indicate that the incidence is seasonal, most of- 
ten occurring between April antl mid-November, with 
the pcak occurring in September (1,$,5). Some case 
iieports emphasize! the occurrence of severe pruritis ei- 
ther before or concomitant with frank skin lesions (JG), 
The pxyonclermce of chromium dermatitis in males 
most probdbly reflects 8 greater occupational exposure. 
A clear-cut tlose-response relationship has not been 
established; lower concentrations of chilomiurn have 
caused a greater incidence of hypersensitivity reactions 
than observed at highev concentiations. 

The health effects of chromium dermatitis are signifi- 
cant, The lesions have been reported to pei.sist for sev- 
eral years in many subjects antl significant work time 
10s has occurred. The chronicity of chromium dermatitis 
together with the unavailability of specific treatment is 
the basis of the relatitely poor prognosis generally 
given. Maintenance of chromium levels as low as possible 
in the environment is emphasized, but this strategy is 
more feasible in the workplace than in settings involv- 
ing exposure to the general population. 

Health Effects Survey of Populations 
Exposed to Chromium Slag in Soil 
Tokyo, Japan 

Whereas there are ehtensive data available on the 
health effects of chromium compounds as a result of 
occupational exposure, only limited information is avail- 
able concerning the health status following environ- 
mental exposure of general populations. In this context, 
the longitudinal health effects survey being conducted 
by the Tokyo Metropolitan Government Bureau of 
Sanitation (W) is noteworthy. 

In 1973, contaminatior. from chromium slag was (lis- 
covewtl at  a construction site of the Tokyo subway sys- 
tem, The site was formerly owned by a chemical indus- 
try company. ”sed  on these finclings, a long-term health 
survey project was initiated, comparing subjects in con- 
taminated areas with ir.dividuals in noncontaminated 
(coi~ti~ol) tubeas, The heallh effects survey has currently 
completed 8 years and is continuing; interim reports 
have been issued for surveys conducted for the yeais 
1978-1W9,1980-1981,19.~2-1983, and 1984-1985. 

The survey has used three contaminated block areas 
and two control block ailet\s in the Tokyo district. The 
subjects are housewives; a total of 259 subjects in the 
contaminatetl areas and 177 subjects in the control ar- 
eiis were evcili!ded. The evctluation consisted of: n) an 
interview form and questionnaire (Okayama University 
Medical Interview Form) to delinerite signs and sytnp- 
toins t!s i*cpiitctl by the subjects; b) tin in-depth inetlica! 
eiiaminiition indudiiig cliniriil inkrvicw, physical es- 
trininatlon, otolaryngo1og:ctil i t d  dermato.ogicd e:.mi- 



nations, clinical chemistries, blood chromium levels, uri- 
nalysis, and pulmonary function tests. 

In the fourth report, coveting the years 1984-1985 
(,?#), subjects in the contaminated areas relmtetl ti ' t en- 
ciency toward 8 higher incidence of complaints chww- 
teiizerl BS headache, heaviness in the head, chronic fit- 
tigue, dizziness, t l h ~ h e a ,  and conslipat ion cornpirecl to 
the control subjects. There also \\.as a trend to\v:ird an 
increase in positive occult blow1 tests, minute hematuria, 
antl aibuminuiia in subjects located in the contaminated 
areas. Further analysis using a positive (tt) occult test 
or over and RBC in the urine of 20 to 25 01' more  YO- 
vitled the abnormality rates shown in Table 6. 

These results suggest that there is a trend toward 
incipient kidney disease that may become manifest as 
the epidemiologic survey is continued. To\vard this end, 
the committee directing this su~*oey of hedth effects 
from chromium contamintition plans to include sui- 
fosalicylic acid qualitative tests for low moleculai* weight 
urinary protein in the renal liinction test panel in fur- 
ther examinations. 

The results of the tle~~tnatological esminiitions intli- 
cated an increase in abnormalities of the skin in subjects 
in the contaminated areas (luring the s111niner months 
but not (luring the winter months. Ovetall, there w i s  
an increase in contwt tleiw~atitis :ind eczema of the 
hands in the contaminiitetl areas cornpireti to the con- 
trols. This seasonal trend is noteworthy in view of re- 
ports indicating that exposure to sunlight or short 
waveleiigth ultraviolet light exwerbates the severity 
of chromium dermatitis as previously cited (2,.5). The 
committee directing this hedth effects survey also phins 
to follow up these observations of dermatologic abnor- 
malities in the chromiuni-expxetl ~~oopulation. 

Threshold Concentration Required for 
Positive Hexavalent and Trivalent 
Chromium Patch Tests 

One approach to assessing the susceptibility of popii- 
lations to chromium-induced dermatitis is to use the 
patch test titration technique. In  this procedure, lhe 
test population, dmosl  invariably hypersensitive sub- 
jects to contact dermatitis, we patch tested using suc- 
cessively decreasing concentrations of hexavalent or 
trivalent chromium to determine the threshold concen- 
tration for evoking a positive skin reaction. 

Table 6. Abnormality rates. 

Iiicitlvncr of pisitiw orcult blotnl 
AIcd testsn cmtl h ~ i ~ ~ i \ t \ \ h "  'ii 

Several investigators have provided summary tab- 
ulations of a series of patch titration tests. Table 7 rep- 
resents a tabulation of patch titwtion tests of hexavalent 
chromiam comlmounds. Patch titpation studies of dichro- 
in:rte at concentratioi~a ranging from 0.5 to 0.001% are 
sho\\n in Tiible 8. In a similar patch test titriition attidy, 
14 subjects were challenged with dichromate at concen- 
trations riinging from 0.5 to 0.W25'X (Ai). These re- 
sults iire sho\vn in  ?"Me 9. In a direct cornpillison in  60 
chromium-sensitive subjects, chro~n;ite evoked a posi- 
tive piitch test riite in 8% of the subjects at 0.001% 
compwetl to 4 0  with C1.01Q dichromate (.Lj). 

Thus, in several midticentel* studies involving 301 
cliallenge testa in himan subjects and employing an 
incidence of positive patch tests of 10% 01' less, the 
threshold concentraticln for skin hypersensitivity reac- 
tions to hesavalent chivinium WRY tleterinined to be of 
the order of 0.001%, equivalent lo  10 ppm, 10 mgkg or 
10 mg/Id. 

Skin Iiylwrsensitivity data for trivalent compounds i n  
human subjects tire lilnitetl; moreover, the sensitization 
potency varies with the trivtilent chi*omitim salt tested. 
Table 10 contains the results of represent;itioe patch 
titriition studies of the siilfate, nitrate, and chloride salts 
of trivalent cIu*oinium. While there w e  fewer patch 
titizition stutlics av;dlablc for trivalent chromiuin as 
compared to hexavalent chromium, and the sensitiza- 
tion potency varies with the salt tested, it is feasible to 
designate at least H pro\iisional threshold concentration 
for skin sensitization evoked by trivalent chromim 
con1pountls. 

Using the (lata obtained with the sulfate antl nitrate 
siilts a id  employing an incidence of 10% 01' less, an ap- 
proximate threshold concentration for evoking skin 
hyi)ersensitivity by tiivalent chiumium compounds is 
of the order of 0.05% or 500 ppin or 600 mg/kg. This 
threshold level is O O - h l d  higher than that tleterminetl 
for hexawlen t chromium compounds. 



SKIN PERMEATION AND HYPERSENSITIVITY TO CHROMIUM 117 

Table 8. Patch titration studies ofdichmmate In human 
rubjectr (29). 

Dichromate concentration, % 
Reference 0.5 0.2 041 0.005 0.01 0.001 T0t;tl t~ 

"Rnmt of subjects with positive skin reaction of total numbcr of 

'Cutnalutive percent of xubjrctx with positive skin reaction of tot~l  
siibjwts tcstetl within each sttmly. 

numbcr of subjccts tcstcd at each conreiltriition in thc studies. 

Table 9. Patch titration studies of dichromate In human 
subjects (35). 

Dichroniatc connmtrtttion, 7f it Percrn t 
0.5 14 100 
0.25 10 71 
0.026 Y 21 
o.Do25 2 14 
O.oo(yLS 1 'I 

Total no. of suhicrta 14 

Table 10. Patch titration studies of trivalent chromium 
salts in human subjects. 

Tri\.i\lcl\t No, of 
chmmium Total no. positive 

R:Ik ofsriljrcts Conccntr&on siibjcctx Percent Refcitnce 

Strlfate w 0.WA 12 43 ( 1 )  
0,1 Irn 7 25 
a.o;iQ 3 11 

Nrgduca G 31 

0.107. 2 7 
O . ( W  :I 11 

Nqutivc 1N (i.l 

22 0.07 M 22 

N ih tc  28 0.Wh 5 IN (1) 

Chloride 17 0.D M 1 I (JQ 

"Nrptive Intliciitclc no iwctiun or no response. 

Derivation of a RSskmBased 
Chromium Level In Soil 
Contaminated with Chromite Ore 
Processing Residue 

Contact derr,iatitis is one of the few health end points, 
other than rer:pir:Itory cancer, thd is likely to be asso- 
ciated with low-level hexavalent chi~oinium exposure. 

Based on epidemiologic surveys using the positive patch 
test rate to hexavalent chromium as an index (Tables 7 
and 81, allergic contact dermatitia is a common acute 
effect resulting from exposure of the skin to low levels 
of chromium. From a review of these surveys it has 
been determined that at concentrations of hexavalent 
chromium in solution of less than 0.001% (10 mg/L), the 
incidence of contact dermatitis will be reduced to less 
than 10% in chromium-sensitive subjects. A source of 
uncertainty in using these data for a risk assessment 
for soil is the comparison of parts per million in solution 
to parts per million in soil. For a number of reasons it 
was concluded that an assumption of equivalence was 
the most appropriate. The 10 mg/L of hexavalent chro- 
mium in the solution used for a patch test would have 
the same potential for eliciting a response as 10 mglkg 
(10 ppm) hexavalent chi~mium in soil. Preliminary un- 
published data from the New Jersey Department of 
Environmental Prokctior, have shown more hexavalent 
chromium extracted from. the chromite ore processing 
residue by a neutral extraction than by the alkaline 
digestion method used for the analysis of hexavalent 
chromium in waste (41). Therefore, a volume of sweat 
(approximately the same composition as the neutral ex- 
traction medium) equal to a volume of processing resi- 
due on skin should lead to at least the same concentra- 
tion in solution as was ccintained in the soil. It is also 
apparent that as the sweat evaporates, a higher concen- 
tration will be achieved. 

Since there is no method of analysis for hexavalent 
chromium in soil that is currently approved by the US, 
Environmental Protection Agency, it was necessary to 
use previous analysis of Hudson County, New Jersey, 
soils to construct a ratio of hexavalent to total chro- 
mium at contaminated sites and then express the ac- 
ceptable soil cleanup levels in terms of total chromium. 

The relationship between hexavalent and trivalent 
chromium is a dynamic one, which is affected by soil 
type and mineral content, pH, solubility, and other fac. 
t o n  (40). These factoils vaiy ovei, times and between 
locations, so that the hemvalentltotal chromium rela. 
tionship that exist8 in one sample may be different at 
another time 01' location. 
In order to carry out this risk assessment, soil samples 

were collected from appoximately 40 sites in Hudson 
Coulity, New Jersey (42). Soil total chromium levels 
were available for 994 samples, while hexavalent chro- 
mium levels were available for 345. From these data, 
statistical analysis were performed by the New Jersey 
Department of Envii*onmental Protection to enable the 
prediction of hexavalent chromium level from total 
chromium measurement,s. Since only short-term expo- 
sure is necessary to elicit a skin reaction, the estimated 
95th percentile of the sample distribution of the i*~tio 
between hexavalent and total chrotnium (0.14) is the 
most reasonable figure tu use when calculating R tawget 
soil concentration that protects against contact 
tlei*matitis. This target level, iipproshte'y 75 mpkg 
(10 mg/kg/O.14), is the conmhition of total clomium 
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that would not be expected to result in a hexavalent 
chromium level greater than 10 mgkg in Hudson County 
soil containing the process residuc (37). 

Due to the fact that the cleanup level is based on the 
potential for developing contact dermatitis, no clistinc- 
tion is necessary between large antl sinall sites or tlif- 
ferent sites uses. 

Discussion 
Selection of allergic contact dermatitis as a signifi- 

cant toxic end point to arrive at an appropiiate risk 
assessment of chi*omiuin waste as a soil contamillant 
has a valid basis, Occupationally related contact 
dermatitis resulting from ckroinium exposure with IP- 
sulting work time or the necessity to change occupations 
to iwluce clisability has been \vel1 clmimentetl. However, 
there is little information available regarding skin sen- 
sitivity evoked by long-term exposiii~e to the general 
population, including children antl the elderly. An X- 
year follow-up survey in housewives csposnl to soil 
contaminated with chi.oinium slag at a consti~uction site 
in Tokyo, Japan (18) intlicatetl a tentleiicy toivairl an in- 
crease in subjective symptoms s\ick as hcatli\che, clironic 
fatigue, antl gastrointestinal effects; a tcntlency to\vai*tl 
an increase in positive occult blood tests in wine, minute 
hematuria, and albuniinuria; and a seasonal increase in 
the incidence of contact derniatitis tluring the siiininer 
months. These signs antl syniptorns are flirt her indica- 
tions of the potential adverse effects of long-tertii expo- 
sure to chromiu~n to general populations, 

The seasonal occui*reiice of increased contact tler- 
matitis is of interest in  view of reports indicating. that 
exposure to sunlight or short wavelength ultraviolet 
light exacerbates the severity of chi~oniiuni der-matitis. 
Other factors that add to the complesity of evaliiating 
chromium-induced skin hyl)er.sensitivity are the variable 
patterns of the skin lesions, peiwistence, lack of i*evei*- 
sibility or periodic esacerbations, lack of i1 strict tlose- 
response relationship, long latency for nianifestatioii of 
skin lesions in soiiie intliyirlultls ~ R e r  expowe, ltich of 
specific treatment othcr thm remov;tl from ~lrc con- 
taminated environment, and occiirrence of other 
effects on skin, such as severe pruritis. 

It  has been amply (Icnionstrtitetl th;it only ininrite 
amounts of hexavalent clri*o:nium are required to pcn- 
etrate skin to elicit delayed contact tlcrmtttitin in  hypei*- 
sensitive intlivkluals. For eslunple, using H 'LO pg patch of 
sodium chcomate, only 2 pg hat1 to penetriite skin in or- 
der to evoke a positive skin reaction in hyyersensitive 
subjects (18). 114 rilvo antl i j r  riw studies carried out in 
guinea pigs tlemonstrtttetl that hesavalent chromium 
can penetrate skin i*eatlily, ;mounting to 1 to 4% of tlic 
applied tlose within 5 to 24 hi-, 

Ultrastructural studies using guinea pig skin ;ilsu 
shou.ed that hexavalent chroinium reiitlily 1,enetrtitrs 
skin and has ;I clrwacteristic i i i t i~~~e~~i t larm~~l  clistribution 
(16). Hexavalent chroinhim localized both iiiti~iiccll~i.ll;i~~ly 

and in the extracellular space in the upper epidermal 
layers, Le., the stratum corneum, granular, and upper 
spinous layeis. However, hexavalent chromium did not 
penetrate into the intiacellular regions of the suprabasal 
and basal cells, and distribution in these lower epidermal 
layers was limited to Lhe extracellular space antl at the 
plasma membrane, This characteris tic (lie tribu tion may 
be consistent with the proposal that hexavalent chro- 
niium is rq i i red  to penetrate epidcnnal cells to be 
converted int~wcelliila~~ly into the tif\~tlent foein, which 
is ultimately involved in eliciting the immunologic re- 
sponse in skin. A diversity of aninial models including 
guinea pigs and mice h:we conclusively (lemonstr*atetl 
that hexavalent chromium is a potent sensitizer of skin 
d e r  these espeiimental conditions (22-14). 

Multicenter patch titration studies have slio\vir that 
itn ttpprosimate threshold concentration of hexavalent 
chi~oniiuni can be cleterminetl that will evoke a skin sen- 
sitimtion reaction in limnan subjects. In designating a 
thresholtl 41s H criterion, the concenti~ation of hesavalent 
cluwiiiuni that evokes ii positive skin hypersensitivity 
l)i\tch test reaction in 10% or less of the poptilation ws 
employetl; this ciiiteiion is equivalent to a lowest o b  
sei*\*ctl effect level. Thus, the thi*esIiolrl concentration 
for skin sensitiztit ion d hesiiv;ilent cli~~oniium conipountls 
\vas tleterniinctl to be of tlir onler of 0.001';6, :inti this is 
a level below which !IO% or more of the esposetl popula- 
tion will not exhibit n positive reaction. The ~)ropsetl 
cleanup level of 75 iiig!kg of total chromium shonld result 
in  an incitlence of cotltiict dermatitis that is less than 
1OQ of the exposed pnei*;tl po~~ulathis. 
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